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Prepnint

Toward Mechanically-Robust Omuiphobic Compaosite Coatings using
Fluyroalkyl-Modified Silica

Ravmaond Campos.’ Timothy § Hoddad ! and Joseph Mabry’

'ERC Corporation, *Air Force Research Laboratary
AFRL/RZSM, 10 E Saturn Blvd, Bldg 8451
Edwards AFB, CA 93524

Intraduction

The wide applicability of non-wetting matcrials has generated a surge in
commercial, military, and academic matenals research.® Previous studies
have elucidated thyee parameters useful i the development of non-welling
surfaces: chemical functionality (high fluorine content), multiple scales of
surface rowghness (nano and micro), and surface geometry (re-entrant
curvature).” These parameters have been used in the development of materials
that are superhydrophobic and superoleophobic.'® Although many of these
surfaces exhibil the desired omniphobic character, 2 simple method 1o produce
mechanically robust non-welting coatings on varipus subsirales has not been
reported. "**** Vanous nanoparicies, such as nanosilica, have been shown to
provide the required surface roughness for non-wetting character in polymer
systems.'™ In the present work, a fluorcalkyl-moditied nanosilica 13
developed and investigated to help achicve both the surface roughness and
low surface energy demands of an omniphobic polymer coating. The
fluorcalkyl-modification has the added benefnt of increasmg dispersion and
compatibility in a ctosslinkable fluoropolymer matrix, which is thought to be
ngeded to produce a mechanically-robust coating. Substitution of the silanal
proups on the surface of silica has been well documented using various types
of coupling agents, including chlerosiianes.™” The present work 1eports the
modification of a previously reporied wo-step, amine promoted method for
modifying the surface of sihca”'™?® The reaction scheme used for this
modification 15 presented n Figure I
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Figure 1. Reaction scheme for the modification of silica surtace.

10 addibon to Avoroalkyl-funchonalized silica, the effect of a fluorinated
polyhedral ¢Lgomeric silsesquioxane {POS3) nanoparticle, (IH.JH.2H2H-
heptadecaflluoradecyl 510> or fluoredecyt POSS, with an extremely low
surface energy iy, <10 mN/m} is investigated.? The present wark focuses on
the developmenr of an omniphobic composite coating that can be easily
applied w varicus surfaces by spray atomization or other types of spray
technalogy.

Experimental

Materials. Hi-5:1] 233 {synthetic hydrated amorphous silica, 22 nm ave.
diameter) was obtained from PPG Indusities. Fluoro-compeunds, (3.3.3-
tnfluoropropy|itrichlorosilane,  (3,3,3-trifluaropropylidimethylchlorosilane,
(tridecafluorn-1.1.2, 2-tetrabydrooctyljtrichtorosilane,  {tndecafluoro-1,1,2,2-
tetrahydroociy)jdimethylchlorosilane,  (heptadecafluoro-1,1.2.2 tetrahydro-
decyl)trichlorosilane, and (heptadecatiuoro-1,1,2 2-tetraliydrodecyl)dimethyl-
chlorasilane were purchased fromm (Gelest, Inc. and were used as received
without further purification. Anhydrous dimethylarmine was obtained from
Aldrich. IH, 181,281, 21f-hepradecarlooredescy] polyhedral  aligomeric
siisesquioxane {Auorodecy! POSS) was synthesized according to the Yiterature
methnd.!  Chloroform was recetved from Aldnch and passed through an
activated alumiina column lo remove waler. Vitun Extreme ETP-6005 was
obtawned  from  DuPont.  Asalikhn AK-225G (1 3-Dichlorg-1,1.2.2.3-
pentatluoropropane) was used as received friom AGC Chemicals Americas,
Inc, Steel and sJuminum Q-pancl substrates were abtained from the Paul N,

Gardner Company, Inc. Glass microscope shdes were obtained from Aldnich,
cleaned with acetone and air dried before use.

Insirumentation. Surface modified silica wus analyzed by TGA-
MassSpec analysis (TA [nstruments Q3000 IR, Pteiller-Yacunm Thermostar
GSD3I0} MS system), DRIFTS (Nicolet 700 FT-IR with DRIFT Smart
Callectory and Elemenlal Analysis (Perkin Elmer 2400 Senes 11 CHNS/O
Elemental Analyzer). Contact angle studies of composite films were
performed on a DataPhysics OCA 20 gonwmeter.  Imaging of composile
films was obtained vig scanming electron microscopy {FEI Quanta #00),
atomic force microscopy (Digital Insirements Dimension 3100), and oplical
profilometry (¥eceo Wyko NT2300).

Modification of Silica Surface. The two-step amine-promoted method
illustrated in Figure 1 was used for the moeditication of the Hi-3il 233 silica
surface. Hi-81l 233 (2 g) was inwally dried ovemight undev dynamic vacuum
{10 mTorr) a1 200-215 *C. Dimethylarmne gas was then mtraduced to the
dried silica under static vacuum Lo atmospheric pressure. The dried silica was
then left in the dimethylamine envitonment for approximately 29 h with
mechameal agitation vie magnetic sbr-bar. Under nitrogen 60 mlL of
chioroform was added to the Hi-Sit 233, followed by | mL of chloresilane,
and finally, an addiuonal 20 mL of chloroform. The slurry was allowed 10 shr
overnight in a nitrogen environment The surface modified Hi-8il 233 product
was then recovered by filtration and subsequently washed with chlgraform (10
mL x3). The modified silica was turther punfied by Soxhiet extraction using
chloroform and AK225G. Both Soxhlet extractions were allowed ta procesd
fos approximately 24 hours The medified silica samples were then dned
under ambient conditions and Ihen m a vacuum oven at 110 °C. The vacuum
oven reatment was implemented to cure the trichlorosilane modified silica
produets (honizonlal polymerization), as well as to dry the products.

Composile Coating Deposition. A 5 w1% stack solution of Vilon
Extreme ETP-6U05 1n AK-225G was used 1o prepare suspensions of
modified-silica. The concentration of modified-silica m the fluoroelastomer
solutions varied frem 0-20wt%. Fluorodecyl POSS was blended 1nto
suspensions at a concentrabon of Smg/mb. Spray atomization of the
composile coatings was achieved using an airbrush sysiem (Paasche Aurbrush
Company., YLSTPRQ double-action siphon feed). Glass, alurmnum, and stecl
substrales were sprayed at a distance of approximately 20 cp. The thickness
of the coatings was varied from one pass (-2 sec spray) to several passes (~10
sec spray). The coated substrates were air dried foc one hour followed by oven
drying for approximately L2 hours at 60 °C,

Results and Discussion

Fluoroalkyl-Modified Silica. The degree of fluoroalky] substitution of
the silanol groups on the surface of silica was deternuned using IR. TGA-MS,
and elemental apalysis data. TGA-M5 data exhibits thermal degradation at
clevated temperatures, which suggests covalem  attachmenmt ol the
fluproalkylsiiaines to  the silica surface  Fluoninated ion  fragments,
corresponding with the weight Joss at clevaled temperatures (400-650 °C),
were observed in mass spectra data for all modified sifica products. TGA data
was also used to quantify caverage by measunng the weight loss from 400-
650 “C. Elemental analysis was used to measure the carbon content of the
modified silica products, which provides yet another ndicatinn of coupling
agent surface coverage. Preluminary TGA, elemental analysis, and surface
coverage data are presented in Table 1. The surface coverage (wi%4) was
calculated from clemental analtysis data [C wit%), assunung all carbon content
resulted from the addition of coupling agent.

Table 1. Medified Hi-Si1233 TGA and Elemental Analysis Data

Coupling Agem Yaweight toss “C surface

trom 400- conlent coverage
65G°C {wi%)

None 1.61 0.1 0

| CR(CH::SICH 1.57 2.6 10.3
CFACF.:(CH,%,SICl 10.02 34 114
CF{CF)s(CH1):S{ CH1 (N Il.58 4.4 140
CRACE; )t CH1SIC L 1482 4.1 133
CFy{CF)A{CH- 51 CH-:CI 14 62 5.4 16.6

Composite Coatings. The hydruphobicity and olcophobicity of the
composite (ilms were investipaivd by measunng the static, sdvancing, and
receding contact angles of detonized water and hexadecane. Prelimmnary
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contact angle studies display superhydrophobicity with low hysteresis for all
coatings containing fluoroalkyl-modified silica. Preliminary static confact
angle results are presented 1n Tahle 2.

Tahle 2. Water Conlact Angles on Composite Coatings

Coating Composition’ Averape Stalic
Contact Angle {7)
[ Blank — 107
20 wi%t unmodihed Hi-Sil 233 Q
5 wit% fluorodecyl POSS 133 ]
20 wi CF(CH::51Cl modified Hi-5i1 233 164
20 with CE{CH::S1C1 modified Hi-S11233 i66

+ Swi¥s fluoradecyl POSS
20 wt%, CFy(CF3(CH.Y,S1CL, modified Hi-8iL 233 | 161

20 wit¥ CFy(CFa)s(CH RS CHLCl modified 165
Hi-Sil 233

| 20 welt CF3(CF2),{CH:»S1Cl, modified Hi-Sil 233 | 163
20 wit%s CFy(CF, 1 (CH;RSCH)-Cl modified 164
Hi-$il 233

"Viton Extremc ETP-6008 contatning different fillers sprayed on glass.

The coatmg containing unmodified Hi-5i1 233 imnally displayed
rvdrophobicity (Fipure 2a), fallowed by wicking te finally produce a
completely wetted surface. This observation is illustrated in Figure 2. It is
waorth noting that, although the volume of the droplet does decrease due to
evapoTtalion, wetting was observed on Lhe coating contamning unmodified sihca
- a “coffee stain appearance.” This behavior was not observed for coatings
containing stliea particles modified with {luoroalkyl chlorosifanes. This
suggests that the wnueated silica particles produced 3 multi-scaled rough
surface necessary for wetung-resistance, but the hydrophilic silanol groups on
the surface are causing the waler to wet the coaling. The hydrophobic
modified-silica produces multi-scated rough surfaces with low surface
energles, which remam supethydrophobic afier contact with water for an
extended penod of tire. A water droplel in contact with such a coanng for
several minules is shown in Figare 3

Figure 2. Contact angle images of a 10 uL water droplet on 20 w%
unmodified silica coating on glass (a) mintally, (b} after 2 run. (<} afler 3 min,
and (d) after 7 min.

Fipure 3. Waler cantact angle (10 plY and AFM image {62 x 3.4 pm)-ol'
composite coaling containing 20 wi% CF(CFL(CH,:51Ch sprayed ento a
glass shide,

Slow hexadecane-wetling was observed in coatings containing mogified
silica. Welting-resistance was improved with increasing modifier chain Yength,
1.2, ACHz)(CF)7CF o~ {CH 1o CFa)sCF>-{CH;»CF+. This is presumably due
1o thie higher F/H ralio on the surface of he siiica particles.

Conclusions

A methed has been developed for the surface modification of nanosilica
using fluorcalkyl silanes. The modified silica products have been suspended
into solutions of crosslinkable fluoropolymer and deposited onto varous
substrates by spray alomizatwon to produce non-wetting surfaces. The
introduction of fluoradecy! POSS nto the fluoropolymer sotutions and silica
suspensions was investigaled.
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